reported on the stability of glucoside 3-dehydrogenase in non-growing Agrobacterium tumefaciens starved of either a nitrogen source or both nitrogen and carbon sources. In the former situation the activity decayed irreversibly, while in the latter situation there was an initial decay of activity followed by recovery. A factor which is likely to govern stability of a microbial enzyme in whole cells after growth has ceased is the rate of general protein turnover. In Escherichia coli the rate of protein turnover is quite low during growth, but is markedly accelerated when nutrient deprivation occurs (Mandelstam, 1960; Pine, 1972) . We have measured cytoplasmic protein turnover rates in A. tumefaciens during the two starvation conditions described above, to determine whether there is a correlation between inactivation of glucoside 3-dehydrogenase and the rate of turnover. Turnover has been studied by measuring the uptake of l 8 0 from H2180 in the starvation medium into cytoplasmic protein, as described by Borek, Ponticorvo & Rittenberg (I 958).
Agrobacterium tumefaciens NCPPB396 was grown in batch culture in medium containing (g/l distilled water): sucrose, 40; urea, 095; KH, PO, , Na, HPO, . 2H, O, 10.86; MgSO, . 7H20, 0.20; CaCl, . 2H20 , 0.10; FeSO,. 7H,O, 5-14 x I O -~; EDTA. 2Na. 2H20, 6 .75 x I O -~. The pH of the medium was 7.0. Growth was at 28 "C with orbital shaking (200 rev./min) in flasks containing stainless steel wire coils to minimize clumping of the cells. Nitrogen-free medium lacked urea, and nitrogen-and carbon-free medium lacked urea and sucrose.
For measurement of protein turnover bacteria were harvested at 13ooog for 10 min at 4 "C during late exponential growth, washed twice in 0-1 M-sodium phosphate buffer pH 7-0, and resuspended ( 5 mg dry wt/ml) in the appropriate starvation medium prepared in H2l80 (0.932 atom o/ o excess ISO; supplied by British Oxygen Co. Ltd). They were re-incubated at 28 "C and samples taken at various times. The bacteria were washed in 0.1 M-phosphate buffer pH 7.0 and resuspended to give a dense suspension. The suspension was passed through a French pressure cell at 4 "C and the exudate centrifuged at 38000g for 30 min at 4 "C. The protein fraction was then isolated from the supernatant fluid using the procedure described by Roberts et al. (1955) concentration of 5 yo (w/v). After extraction for 30 rnin at 4 "C, the suspension was centrifuged (22008) for 5 rnin at 20 "C, the supernatant fluid discarded and the sediment suspended in 75 % (v/v) ethanol (4 ml). Extraction was carried out for 30 min at 45 "C, the mixture centrifuged and the supernatant fluid discarded. The sediment was suspended in a mixture of ether (2 ml) and 75 yo (v/v) ethanol ( 2 ml), extracted for 15 min at 45 "C, and again centrifuged (2200g) for 5 rnin at 20 "C. After removal of the supernatant fluid the sediment was extracted with 5 % trichloroacetic acid (4 ml) for 30 rnin at IOO "C. This hot trichloroacetic acid extraction was repeated (Borek et al. 1958 ) and the final pellet washed once with 98 7; (v/v) ethanol containing 0.2 M -H C~ and once with ether. Protein samples were dried in vacuo over P,O, and the l80:l6O ratio was measured with an AEI MS20 Nier, sector-type isotope ratio mass spectrometer, using techniques described by Steyernark (I 95 I) .
Total protein was measured by the method of Lowry, Rosebrough, Farr & Randall (I 95 I) using crystallized bovine plasma albumin as standard.
RESULTS A N D D I S C U S S I O N
The incorporation of l80 from the water of the starvation medium into the purified protein fraction is shown in Fig. I . To calculate the rate of protein turnover we made the same assumption as Borek et al. (1958) , that two-thirds of the total bacterial protein oxygen is peptide oxygen. Since both carboxyl oxygen atoms become equally labelled after incorporation due to resonance, there is a 50 yo probability that the labelled oxygen will be found in the protein if reincorporation occurs. Results have therefore been doubled to obtain the maximum rate of protein turnover, assuming that only isotope in high molecular weight protein is being measured.
In nitrogen-free medium the initial rate of protein turnover (3.9 o(,/h) decreased with al. 1973 ). The correlation between the initial rate of protein turnover and the specific decay rate of the enzyme indicates that inactivation of the enzyme is a consequence of turnover, but the question arises: why does inactivation continue after general turnover has ceased? One possibility is that degradation of the dehydrogenase continues after general turnover has stopped, but because the enzyme consititutes only a small proportion of the total bacterial protein (about 1.5%; unpublished data), the rate is not detectable by our method. Proteins in Esclzerichia coli differ appreciably in their rates of degradation (Pine, 1965; Nath & Koch, 1970) , and it would not be surprising to find that in A . turnefaciens the glucoside 3-dehydrogenase was particularly susceptible to breakdown. A second possibility is that general protein breakdown does continue beyond the time indicated by our experiments but that the newly synthesized proteins are not recovered in the residual protein fraction after the extraction procedure due to different solubility properties. The yield of this fraction did in fact decrease with time of incubation, although the total protein content of washed cells remained virtually unchanged during starvation.
In nitrogen-and carbon-free medium the rate of protein turnover was very low, less than I *b in 20 h (Fig. I) , indicating that loss and recovery of activity of glucoside 3-dehydrogenase under these conditions is due to reversible inactivation of the enzyme. We are not aware of any other attempts to measure the rate of protein turnover by the l80 method in bacteria starved of both a nitrogen and carbon source. Shechter, Rafaeli-Eshkol & Hershko ( I 973) determined the rate of protein degradation in E. coli under these conditions by measuring the release of [3H]leucine from pre-labelled protein, and found a rate of 4 yk/h. It is not clear whether the marked difference between their result and our own reflects a genuine difference in rates of protein degradation between the two organisms or whether it is a consequence of the different experimental methods. Phenylmethane sulphonyl fluoride decreased the initial rate of protein turnover during nitrogen starvation of A . turnefaciens to 1-4%/h (Fig. I) . Goldberg (1971) found this compound had a similar effect on the rate of protein degradation in E. coli starved of either nitrogen or glucose. Recently, however, Shechter et a/. (1973) found that the related compound p-toluene sulphonyl fluoride inhibited protein degradation in E. coli during glucose starvation but not during nitrogen starvation, and proposed that the sulphonyl fluorides exert their effect by inhibiting production of energy in E. coli rather than by direct inhibition of a serine protease.
Mechanisms responsible for protein turnover and the factors which control it are largely unknown. The l80 method for measuring turnover imposes no novel conditions on the cells and interpretation of results is not complicated by considerations concerning transport and equilibration of amino acids (Mandelstam, 1960 Short communication
